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AN APPROXIMATE METHOD OF SHEAR-LAG ANALYSIS FOR BEAMS LOADED
AT RIGHT ANGLES TO THE PLANE OF SYMMETRY OF THE CROSS SECTION

By Peul Xuhn and Harold G. Brilmyer
SUMMARY

Straln measurements were made on a box beam of tri-
angular cross sectlon and on two heams of D-section under
trangverse bending. The wmeasured stresses agreed reason-
ably well with those calculated by a simple mdavtatioan of
the snbstitute-etringer method of shear-lag analysis.

ILTRODUCTION

Thue problem of siear-lag in box besms has been treated
by many suthors on the assumpiion that the cross cection
nas at leamast one plane of syrmuetry and that the rassultant
load ijies in this plane of symmetry. A few auntlhiors heve
proposed formulas and methods for aphlicetion to unsymmet-
rical bemins. Among the generelly lknowa of these methods,
however, there mappears to be rone which 18 free from the
objection that 1t disregards eoms fundameantal relation such
as the equation of equilibrium of the cross secticn in the
directlion of the applied load, the equation of longitudinal
equilibrium of the cormner flenge, or the condition that the
shape of the croes section 1s maintained by bulkheads. In
addition, most of these methods suffer from the defect that
their applicetion to precticel beams of variabdble cross sec-
tlon and loading is extremely laborious. Coufronted with
these difficulties, the stress analyst must resort to a
slmplifying asesumption that makes it vossible to adapt a
theory developed for symmetrical beams. The present paper
g2ives such an adaptation of the substitute—-stringer method
of analysis to the aspeclal case of a bPox beam with a cross
section having one plane of symmetry with the load applied
at right angles to this plane. Tests are described that
were made to validate this adaptatlon.




SIKBOLS

AF crosg—-sectional area of effaciive corner flangs,
square inches

AL cross—-soctional aree of longitudinal stiffeners,
irclvuding effective skin, sgquarc lncles

E Yourg's noduine, kips per sguare luch

G saear oénlus, kips per sguere incgh

X shear-l2g persmetsr

L langtn of bapu.-iachea

b half-widih of metuai besus, inches

b! developsa nalfi-width of gubastitute section, inches

c cacber of suostitute sectio., iuclaes

h depth of shear web betwesun ceatroids of flanses, inches

t thickness of sgkin, i1nches

x digtance from tip orf ©eswm, inches

g distence from c¢ividing .Line of cross section, iuches

o stress in loagzitudiiel direction, kipms per sguare irech

GF stress in corner flange, Iips wer scuare iach

¢ ~ Btress iz any glven siriuger celculeted by engiveer-
Ec/; : . -
ing thecry of vbending, ¥ins oer sguare imch

HETEOD OF AFLLYSIS

The basic method of shear—-lai snalysils used in the
present naper is that of referemce 1, wihich is vased on
the use of the ao-called substitvrte single-stringer struc—
ture. The method is used in the form descriied in refer-
enca 2, in waich the shear-lsg sffect 18 celculated ms a
correction to the standard #c/I calculation.
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For a beam loaded in the plane of symmetry, the sub~
stitute single—stringer strvcture is obtained as lndicated

"1 figure 1l by combining a4ll the stringers of the half-

section into a slngle stringer, located at tke common
centroid. For practical purposes, the half-width D' of
the subetitute cover may be taken aas one-half the actual
helf-width ©D.

If an enalogous procedure is to be apnllied to-a D-
section box such as shown in figure 2, 1n wiilch the loasd
ls normal to the plane of symmetry, a dividing line D-D
must be drawn on the cross sectlon as indiceted 1n the
flgure. As long as no accaptable theory of unaymmatrical
gectlions is evalleble, soma mesumptlon must bPe made coun-
cernlag the locatlion of the dividing line and the assump-
tion mnast then be validsted by tests. As a trial, it was
asguned taat the dividing lire could be drawn halfway
between the skear web and thoe nose, and it will be shovrn
thet this assumptlon gave acceptablo results for the maxi-
mum longitudinel stresses in three test specilimens. o
attempt was made to calculate the stresses ir the nosse vor-
tions of the beamns, because the anproximate method employed
hereln is clesrly lnapplicavle in the reglon of the nose.

For a endstltute section such as shown iz figure 2,
the shear-lag parameter K 1is defined by

1 +28
g% = 8t ( h_ . 13 (1)
Eb! Ap A1/

and the stress in the flange 1ls given dF

OF = Oy./1 + Acy

r Zc\B sinh Ex

Ay -
= C |1+—£ l + —. ——ta
Me/T | Ay b/ Excosh EL- (2)

The signs in formulas (1) and (2) avply to beams with
positive canmter as showan in figure 1l; 1in the D-sectloas
congidered herein, the camber c¢ 18 negative, the depth
of the section a2t the shear webd being greatsr than the
depth at the dividiag line.




In a stringer located at a distence y from the
dividing line, the stress 1s obtained by adding to the
stress cﬂc/I calculated by the ordinary bending theory,

a correction that is given by the formula

Ac = Aoy - %AC"F [1 + ‘'z -Il-l - -/y\a] (3)

| \
. b/
2e) " "
AL<1 + =)

Formela (3) 1s an approximation (reference 2) to another
formula whici 18 derived on the assumption that the camber
is negligible. If the camber 1s apprecisdle, the formula
should be used only for the reglon near the flange
(y/b-—4>1). Portunately, only this region is of importance
in desilgn.

TEST SPECIMENS AND TEST PRGCEREDURE

The dimensions of two of the three beams are siown in
figure 3. Tho tbird beam was made vy cuttling the D-section
shown in figure 3(Db) along tue line B-B. The material was
245-T aluminum alloy. The value of Youug!s modulus was
taizen as 10,500 kine per square inch.

Each beam was supnorted at the center. Two equel loads
were apvlied, one to each 22lf of the beam, to producse the
bending momente. Tke structure as well ae the loading Dveing
syuumetrical abcut the root, each half of the beam could be
cousldered as a cantilever with a perfectiy fixed root. On
the veam with triangular cross section, each load was an-
plied close tc the tip of the beam. On the other teaums,
the loads were apnlied at the middle of the semispan in
orfer to increese the shear-lag effect. The loads were ap-
plied to each beam at the experinentally determined shear
center.

Strain measurements were made witlh Tuckerman opticel
straln gages wlth a gage length of 2 1lnciaes. The load wes
apnllied in three equal increments. Check runs were made
if tie lomd-stress diagram indicated a zero srror of more
than 0.2 kin per sguare inch.



CALCULATED A¥D EXPERTMENHTAL RESULTS

o~ -

A48 previously stated, the shear—-lazg calculations were
tesed on substitute single~gtringer structvrres representing
the pert of the box betwecn the shear wob end a dividing
line 4drawn balfway botween the shear web and tho noso. The
subgtituto structuroas aro shown in figure 4. The sudbstituto
structure for tho D-evctlon with ovarhang is an I-eocction,
which must be aplit in two before the formulas can be ap-
plied. Before the I-usectlior was gpllt, it weg made symmet-
rical by averaging the values of 4y, of D', and of ¢

shoewn in figure 4, Tkie simplification wae coneldered
Juatifiable beceuss the sectlon was apvroximately symmet~
rical and because tne entire calculatlon is only e first
aporoximation.

Tre area Ap 18 made mnp of four items: the area of

tte flanged portion of the ghear weDd, en area egual to one-
slxth of the wedb erea that eccounts for participation of
the woo in the Lerding aciion, iho pcrtios of tluv sxin
from the line o7 flange rivets halfway to lhe adjacoeat
strirger for stringere, in tke case of tho D-suciion with
overkerg), and the remsining atiip ia contact mith tho
flanged nart of the snaar web. Le arce &7 L¢ malc up
of two itows: the area oF %ho lorgitudisal stiffeners
inecluded between tino sremr wab Aand the dividing liase, and
tbe area of the skin .yin: netwoer tle shear 7a2b and the
dividirzg line excevtlag ihe porticn of ekln considered as
part of Agp. Tho skin wap essumed to te fully effactive

because the measurements vere taxen on the temnalon side
of the beam.

In reference 1, it wss stated that the strlp of gkin
adjacent to the flange should ©a consldered as part of A

rather than 4p, es it is conslidered in the present paper.

The procedure of reference 1 is recomaerded for deslgn
purposes, but the modified procecdure used hereln is believed
to be betier when it is interded to compars celcunlated
gtresses with stresses measured in the skin on top of the
filange, 1inasteaé of wiitk sirecseses in the flaxnge iteclf. 1In
the teet beams, the maxipum flanze strosses calculated by
the two procedurea differ by roughly 10 perceant. In most
practical beams, the difference would be muchk smaller be-
ceuse a distinct corner flange would be provided.
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Formula (2) wae derived for beams loaded at the tip.
A study of the general theory (referesnce 1) shows, however,
that the formula may be used for calculating the stresses
near the root caused by a load applied anywhere within the
span 1f the distance from the root to the load 1s substi-
tuted for IL in the formula., The results obtained in
this manner are sufficlently accurate provided the value
of the parameter KL 18 not too small - say, KL > 3.
This condition was fulfllled for the D-section beams.

The calculated and the experimental results are shown
in figures 5 to 7. The ckbordwise distrivution of stresses
calculated by the shear-lag theory i1s shown up to the
dividing line (y = 0), although the calculatior should
not Pe consgldered as valid sxcept near the flanze, as
mentioned in Metkhod of Anelysls.

Because tne dividing line was drawn according to an
arbitrery assumption, the sgresment between calculated and
test results 1ls satisfactory for the stresses in the flange
end in the stringer adjacent to the flange, wkich are the
stresses donlrating the deslgn.

Langley M¥emorial Aeronautical Laboratory,
Netlonal Advisory Cozmnmitteeo for Aeroreutics,
Langliey Fileld, Va.

l. Xuhn, Paul, and Cnisrito, Patrick T.: Shear Lag in Box
Beams.- Methods of dnalysels and Experimental Investi-
gations. #iCA Rep. Fo0, 722, 1942,

2. Kukn, Paul: A Procedure for the Shear-Lag Analyslis of
Box Beams. NACA A.E.R., van. 1943.
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Figure 1.- Actual and substitute section of bearm loaded
in the plane of ijmme’rrg-
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Figure 2.- Actual and substitute section of beam
loaded at right angles Yo plane of symmetry.



NACA Fig. 3
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Figure 3- Cross sections of test beams,



Figure 4~ Actual and sobstitute sections of test beams.

YOUN

4 by




£

ol

2]

26

o

'54”5_

78]

94 f

n

s._3"

Q

£er

|,

wl ot

O’/I ! 1 L1 ] ] [
OV 2 3 4 5 6 1 8 F

Stringer

Chordwise stress distribution, 25inches from root.

~

[, T )

™~

Stringer stress, kips/sq in.
woo~

T

1 §

2 3 4
. Stringer

o

|
5

&/sq n.

L

~Noe

Stringer stress. kip

[& -

wm O~

Flange stress, kips/sq in.
o - N W b

Chordwise stress distribution, 14 inches from roct.

F't;gure 5. Experimental and calculated stresses in friangular box.
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Figure 6~ Experimental and calculated stresses in D-section box.
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Figure 7- Experimental and calculated stresses in D-section with over hang-
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